This Article is brought to you for free and open access by the Published Research -Department of Chemistry at DigitalCommons@University of Nebraska -Lincoln. It has been accepted for inclusion in Faculty Publications --Chemistry Department by an authorized administrator of DigitalCommons@University of Nebraska -Lincoln. Ralston, R. O.; Das, A.; Dasgupta, A.; Roy, R.; Palmieri, S.; and Gupta, N. K., "Protein synthesis in rabbit reticulocytes: Characteristics of a ribosomal factor that reverses inhibition of protein synthesis in heme-deficient lysates" (1978). Faculty Publications --Chemistry Department. 36.
Protein synthesis in reticulocyte lysates is regulated by heme (4) (5) (6) . In heme deficiency, there is rapid activation of a translational inhibitor [HRI, heme-reversible inhibitor, also called HCR (7)] (7-9) that blocks protein chain initiation (5, 6, (8) (9) (10) (11) (12) (13) . The translational inhibitor HRI has now been extensively purified (14) and has been shown to be a cyclic-AMP-independent protein kinase that specifically phosphorylates the 38,000-dalton subunit of the peptide chain initiation factor EIF-1 (14) (15) (16) (17) (18) . Recent reports indicate that HRI-phosphorylated EIF-I may not be recognized by the initiation factors EIF-2 (TDF) (19) (20) and also possibly Co-EIF-1 (20, 21) , and is inactive in the formation of the initiation complex of Met-tRNAfMet.40S ribosomal subunit (Met-tRNAf-40S) (19) (20) (21) (22) ). An interaction between EIF-1, EIF-2, and Co-EIF-i is presumably necessary for the formation of 40S initiation complex (1, 23).
Protein synthesis inhibition in heme-deficient lysates can be overcome by addition of the ribosomal salt (0.5 M KCI) wash or a partially purified preparation of EIF-1 (24) (25) (26) (27) . This observation and the recent reports of possible inactivation of EIF-1 by HRI-induced phosphorylation of the smallest subunit of EIF-1 (19) (20) (21) (22) have led to the current belief that HRI inactivates EIF-1 by phosphorylation, thus inhibiting protein synthesis, and addition of exogeneous EIF-1 overcomes this inhibition.
In this paper, we describe the purification of a factor (RF) from the 0.5 M KCl ribosomal salt wash that reverses protein synthesis inhibition in heme-deficient lysates. The RF activity has been resolved from the bulk of EIF-1 activity. Purified RF very efficiently restores protein synthesis in heme-deficient lysates. Equivalent described (29) (30) (31) . The homogeneous EIF-1 preparation used in these experiments showed three protein bands upon sodium dodecyl sulfate (NaDodSO4)/polyacrylamide gel electrophoresis, corresponding to approximate molecular weights of 54,000,52,000, and 38,000. NaDodSO4 Gel Electrophoresis. Electrophoresis of proteins in NaDodSO4/polyacrylamide gels was performed according to the method of Laemmli (32) . The gels contained 10% acrylamide (10% acrylamide, 0.27% N,N'-methylenebisacrylamide). The separating gels were formed as 1.5 X 100 X 150 mm slabs, with 1.5-cm stacking gels (5% acrylamide). Electrophoresis was performed at 150 V for 3 hr in a Bio-Rad model 220 electrophoresis apparatus.
RESULTS
Isolation of RF. The purification procedure up to the second DEAE-cellulose chromatography step is identical with that previously described for the purification of EIF-1 (28). The DEAE-cellulose (DE-52) fractions were scanned for RF activity and EIF-1 activity. The RF and EIF-1 activity profiles are shown in Fig Chromatography of EIF-1 and RF was performed as described in the text. Fractions contained 6 ml. EIF-1, TDF, and RF were assayed as described under Materials and Methods. EIF-1 activity (0) and TDF activity (X) were determined with 15-,ul aliquots from column fractions. RF activity (-) was determined with 5-,ul aliquots. The range of KCl concentrations present in the reaction mixtures is 109 mM (fraction 14) to 123 mM (fraction 28). The KCl optimum for our lysates is 100 mM. activity peak, in this experiment, appears rather small because the DEAE-cellulose fractions were dilute and the sensitivity of reticulocyte lysates toward high concentrations of KCI and glycerol prohibits the addition of large amounts of dilute factor. Pooling and-concentrating several fractions gave essentially the same profile with higher protein synthesis activity of the RF peak fractions (data not shown).
The peak RF fractions were pooled. The pooled fractions (40 ml, approximately 35 Fig. 2 , one or more minor RF activity peaks were also observed in the glycerol density gradient profile. The significance of these activity peaks is not apparent. These peaks may represent RF complexes with different protein components. EIF-1 activity (0) was determined with 25-,ul aliquots from gradient fractions. RF activity (0) was determined with 5-Al aliquots.
The peak fractions containing RF activity were loaded directly onto a 1.1 X 7.5 cm phosphocellulose column (P-li) previously equilibrated with buffer A containing 0.3 M KC1. The column was washed with buffer A containing 0.3 M KC1 and was then eluted with a KC1 gradient (0.3-0.7 M); 1-ml fractions were collected. The fractions were assayed for RF activity by preparing a master mix without KC1 and adjusting the KCI concentration in each assay tube to approximately 120 mM. The peak fractions containing RF activity were diluted to approximately 0.1 M in KCl with buffer A minus KC1, then concentrated by one-step elution from a 1.0 X 5.0 cm DEAEcellulose column as described above. The purified RF was stored at -40C.
Characterization of RF: Comparison of RF and EIF-1. RF was compared with EIF-1 preparations [fractions IV and V (29-31)] with respect to several known activities (Table 1) . Although fraction IV preparations of EIF-1 were equally capable of restoring protein synthesis in inhibited lysates when compared with RF on a microgram basis, the Met-tRNAfbinding activity of the two preparations differed considerably. At comparable concentrations, fraction IV EIF-1 preparation contained 10-fold greater Met-tRNAf-binding activity than RF. Homogeneous EIF-1 preparations (fraction V) showed no RF activity at any concentration tested. The specific activity of fraction V EIF-1 preparation was considerably lower than that of the less purified fraction IV EIF-1 preparation ( Table 1) . As noted earlier (30), homogeneous EIF-1 preparations (fraction V) are unstable and lose considerable activity upon storage. In the experiments described in Table 1 , we have used aged EIF-1 preparations. Similar results were also obtained when freshly prepared fraction V EIF-1 with higher specific activity was used. Table 1 clearly shows that the ability to restore protein synthesis in heme-deficient lysates is not correlated with amount of EIF-1 activity. The EIF-1 activity in RF preparation was sensitive to incubation at 0°C in the presence of 5 mM Mg2+ (TDF activity), whereas the EIF-1 preparations (both fractions IV and V) are essentially free of TDF activity. We have observed that RF activity is occasionally present in partially purified TDF preparations but that RF activity disappears from these preparations during further purification of TDF. Also, because fraction IV EIF-1 preparations containing RF activity do not contain significant amounts of TDF activity, it appears unlikely that the RF activity is due to TDF alone. Kinetics kinetics of restoration of protein synthesis in heme-deficient lysates by RF is shown in Fig. 3A . Increasing amounts of RF give increasing reversal of protein synthesis inhibition. Complete reversal of protein synthesis inhibition to the level observed in the presence of hemin has been achieved with fresh preparations of RF. In agreement with previous workers (27) , we have observed that RF is capable of reversing protein synthesis inhibition when added after the start of incubation and that RF-stimulated protein synthesis is sensitive to HRI (data not shown).
The kinetics of reversal of protein synthesis inhibition in heme-deficient lysates by comparable amounts of EIF-1 activity in fraction IV and fraction V EIF-1 and RF preparations is shown in Fig. 3B . The RF preparation is clearly more active in reversal of protein synthesis inhibition in heme-deficient lysates than fraction IV EIF-1. Fraction V (homogeneous) EIF-1 is completely inactive in reversing protein synthesis inhibition.
NaDodSO4/Polyacrylamide Gel Electrophoresis of RF, EIF-1, Co-EIF-i, and TDF. Fig. 4 shows the NaDodSO4/ polyacrylamide gel electrophoresis pattern of purified RF, EIF-1, Co-EIF-i, and TDF. As reported previously (31), fraction V EIF-1 preparation gave three protein bands corresponding to approximate molecular weights of 54,000, 52,000, and 38,000 (track 5). These protein bands also precisely coincided with the similar three protein bands of fraction IV EIF-1 preparation (track 4), indicating no detectable damage to any of the subunits of EIF-1. On the other hand, fraction IV EIF-1 preparation, which contains significant RF activity, also shows other protein bands. Again, in agreement with the results of Met-tRNAf-binding experiments, it is clear that RF preparation shows significant but very faint EIF-1 bands in addition to several other protein bands (tracks 1, 2). Some of these protein characteristic of pure EIF-1 upon NaDodSO4/polyacrylamide gel electrophoresis, corresponding to molecular weights of Is correspond to the protein bands of fraction IV EIF-1 and approximately 54,000, 52,000, and 38,000. These three protein ' (track 6), although it has not been possible to identify any bands migrated identically with those of partially purified ific protein band with RF activity. Homogeneous co-EIF-1 EIF-1 preparations, indicating that no detectable damage to iaration shows a single protein band corresponding to a any of the subunits occurred during purification. Moreover, the cular weight of 20,000. The RF preparation also shows a fraction V preparations were fully active in Met-tRNAf.EIFein band in this region. These results thus clearly demon-1-GTP complex formation, and this ternary complex was active e that there is no direct correlation between RF activity and in other partial initiation reactions such as response to Co-EIF-1 1 activity.
(3, 29) and EIF-2 (TDF) (1, 31) as well as Met-tRNAf-40S initiation complex formation.
DISCUSSION
We have also partially purified a factor (RF) from the 0.5 M ing heme deficiency, a translational inhibitor accumulates KCI ribosomal wash that restores the protein synthesis activity ticulocyte lysates and blocks the initiation step of protein of heme-deficient lysate to the level observed in the presence hesis (5, 6, (8) (9) (10) (11) (12) (13) . The purified heme-regulated inhibitor, of optimal concentrations of hemin. We have successfully re-I has been shown to contain a protein kinase activity that solved RF activity from the bulk of EIF-1 activity and have ifically phosphorylates the 38,000-dalton subunit of the clearly demonstrated that there is no direct correlation between -tRNAf-binding factor EIF-1 (14) (15) (16) (17) (18) . It is now generally amount of RF activity and amount of EIF-1 activity during ved that such phosphorylation leads to inactivation of different stages of purification. These data demonstrate that *1 and cessation of protein synthesis. Addition of peptide the ability to reverse protein synthesis inhibition in heme-den initiation factor preparations containing EIF-1 activity ficient reticulocyte lysates (RF activity) is not due to EIF-1 rses protein synthesis inhibition (24) (25) (26) (27) 
